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Abstract of JP81 60300 

PURPOSE: To provide a small zoom lens of high optical 
performance by composing it of a first, a second and a third 
groups and a lens group located closer to the image side 
than the third group and satisfying a specified condition. 
CONSTITUTION: This zoom lens is composed of a first lens 
group G1 , a second lens group G2 , a third lens group G3 
and a fourth lens group G4 , the third lens group G3 is 
composed of one positive lens and at least two negative 
lenses and satisfies the following conditions i.e., -2.0<f2 /fw 
<-1 .0, 1 .2<&nu p /&nu n , where f2 : the focal distance of the 
second lens group G2 , fw : the focal distance of the whole 
system at the wide-angie end, &nu p : the Abbe number of at 
least one positive lens of a lens group closest to the image 
side and &nu n : the Abbe number of at least one negative 
lens of a lens group closest to the image side. 
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(6) 



$$&3¥8— 1 6 0 3 0 0 



[0049] ft# (5) 0)±.m<r>B. 4Sfi^-6t»1 
[0 0 5 0] X. *«Mfl>±IB#«)3ta>U>XlR(=*5l\ 

TfB^fr (6) **s**cfc*<asn.\, 

[005 1] (6) 0. 2< f RW/ f T <0. 5 

[0 0 5 2] fkW (6) (i. *«M<0L/>X3RG)a>/< 

*B(C-r«fci6a>ft#-C&So ftf* (6) GD±|&(7>0. 5 
££3*£<t|g2 UVX^ e fcy^IiJ<7>U>X|$CDa'fiScCD® 

«*3&«M<fcy. u>xsa>±**tt<-r*c**<aii 

««o>u>x»9*jiii(z>iEa)JB*f*35<*:(cfty. ^cc 

[0 0 5 3] *fc**W<Z>*Jffi«|ja<»U>XSt?. ^2 

fca&fzfi. TEftft (7) *g|j£-r-&::£j&<a*Ll\, 
[0 0 5 4] (7) 0. 5<D e W/fW <3. 2 

[0 0 5 5] «t,««J(DU>X(0««<DS35^&«S*-C 

>xs±(*a>B»f*ss<-rsigi5*<fey. S2u>x 

l*. **Wfi. (7) -SCtl::* yig2 

wt*RTte(Cbfc D Ifefr "(7) a>±H<7>3. 2£|S*.& 

tl2u >xs¥£ y tt«j(D u >xs$<o u >x±«j£><ft < 
(7) otiscdo. 5SfflK.«t«a«fcy* 

[0 0 5 6] **^fl>ft««a>U>XS{Zj3t^-C 
tSU>XSS»5fc«)i:ii % TIEftfr (8) 
[0057] 

(8) -0. 3< f 2 /f T <~0. 1 
i&fr (8) OTH^-0. 3^^^,il2 U>Xf#C7) 

l^ftSo tUJLB(D-0. 1 £M*-&<tm2 U>XH<D 



[0058] *fc**M(D#iii/aa>^>x^|ca3i^-c. 

»l=»jEt"*fcA(=Ii, TIB^fr (9) ^JS^-r-SCt 
[0059] (9) -1 Kf e /fW <"2. 5 

o) a>TfR<D-i 1 zmTL&bmij&mnn.^ 

Hltd**. Xftfr (9) <D±m<D-2. 5£mz-&t 

fiu>x<DBSf y ^ yufa/><M!Ei©^j 

[0 0 6 0] *fc % *^§B^(D#«iS(Dl>>X^IC^Lx 
JE* 4 /=*>(:: l± % TIEIfefr (10), (11) 

[006 1 ] (10) 0. 5<R e 1/DlT<3 

(11) 0. 2<.R e 2/C>2T< 1 • 9 
tztzL. R e 1. Re2'±*^S**«©U'>XG>ttt*:«<D 

^^<DU>X^^^iJ(^®^t>^a$-ea)3ggi. D2T 
(*SiIS(cfcMt4g^^JC0U>X<7)^JCD®^b^® 

[0 0 6 2] **Ma>U>X*IC*5Lxr* Ig2 U>X|$ 

«fcy««a>#u>x»a>ji»rAsai< Lru>x^o± 
£&fiij<7> u>x»t? *±-r *4xa3S»<*(=ft-6«iaii=3Ei: 

t 1 tt<©jEL/>X<!:/i>fe< tt,2ttpftl/>Xlzrifil 

4C£*<M£L<. Sl=*# (10). (11) 
[0 0 6 3] »t««©»U>X(rcfcySRH-««*JJ:lJf 

C(DU>X^C(7>J:5^tS/a(=-r+t[^; ^aUXMfccfct/ 

>^*1*«£BRA<a&y. ^<DtziSb7y^j-ir<< v+tt&Zk 
Wbgm^il^ife^ *^BJ!<DL>>X3&-C[*. 
±IBfl>jfeft (10), (11) JMf^Ct^M^L 

[0 0 6 4] ^ do) (dtisoo. szmn&bm 



(7) 



^i¥8- 1 6 0 3 0 0 



*<'jM=*y. »t««jo>u>x»"i?j8flfe-r'&]E<D«aite 

[0065] ftfl: (1 1) 0)Tifl)0. 2£££x.££g 
»*5J=t/=3-7iteSI*«*fctt-S. *fc. ftft (1 1) fl>± 
fccfctfa^i|R»&</hS<ft* r «t««(Dlx>X|¥-e* 

[0066] *fc % *$Mna>x— auvxi*. ^fgj£A< 

(ci**L/>X8<DBft:&£8 

Bt?«*-r*Br4R«<*j=fty, ;§5if&ftu>x^£f# 

X^irfctNT. mi U>X#<DH«a#TJBIfef*. (1 

[0067] (12) 5 < f 1 / f \y < 8 . 2 

*U (1 2) OTiSO) 5 »1 U>X 

8a>BSr*3&<H<fty. »lca»«-e*±-f £«i±feite 
»<0«iE*<HJHMcft-^ 0 XSM* (1 2) 0>±|fia>8. 2 
Si8^5i*l L/>X80>ja»T*3b<ll<fty U>X36(D 
£ft*<*< ft£ B 

[bo 6 8] X. *«W©«9aBG)*«/aa>U>X36l=*j 
l^T. K2U/>X»A<TtSSftft (1 3) £3S£-f*itfS: 

[O O 6 9] 

(13) -1. 7<f2 /f» <-1. 1 
**WOU>X2fil::fclvC* f#l=X— SVSTlCtfcft? 
teMO>*-«'h3< LT*ttll6ftl»X**»*fcA 
irii* ftfr (13) c£*<»*LU. 

[007 0] ftft (13) l^TL^t 

ss2u>x»(Djasr*3E»<a<fty. cgdu>xbcdx— 
s >^(c <t ft 5 »»agi«i^(= ft y u >xsa>±^^ 

x«(Dft(Djas*A<a<fty. c^u^b-cust^ 

y. X— 5>y(=t4ift5ft»«»A<*l=ft« 0 
[007 1 ] **M©#HH*«ia(DL/>X3R(=*5 

^r-Bft»fttt«tttB*»5fctti={±. stftfiiafi 

u>Xa>^«3b<TiSftfr (14) £»S?--6c<fcj&<M* 

[0 0 7 2] (14) -8< (R e 2+Rel) / (R 
e2~Rel) <-2 

ftf* (1 4) (DTHCO-SSa^Si^OftlxVXOB 
A</JMC ft y /« •> / <— ;Ufp £ f$IEf ^CtA< 
itiL<ft£ 0 (1 4) (7>-hHa>- 2 

ft y A»fte«ttte*»ja-r s c t *<®it[zft£ a 



[0 0 7 3] *fc % *«M0>±IB#«*fl!)U>X3R(=fi 

i^r. *2L/>x»j:y«fflia>u>x«fl!>h— $j\,a>m 
«T*A<TiBft» (is) sas-r*ctA<a*LL^ 

[OO 7 4] 

(15) O . 24<f RW/ f T < O . 35 

*^s^(Du>x^7Si<±tBco^# (is) *at£*r*itf. 

*2 u>X8<fcy««<o.u>XB-cjfi±-r4-tifiRS*E 
!=S:WcMiELoo^ttG> U>XBO>±{*<DU>Xg£ 
^<-r^C<tA<pJ^fcft^ 0 

[007 5)^(15) ©TK*«*6i, Sb2U> 
XBJ:y««fl>u>XB±fl:<7>HST*A<5a<fty. c*i 

«fey««<z>u^xs±»a>BST*A<ii<fty. 
>XBcou>X^£S<f £c<ta<Sii(:=ft6o 

[0 0 7 6] *|fi!HOX-Al/>X!:fel\t» K 

£#5*<&£o Lj^U KJEttlt-CL35^t.U>X»(D± 

**js<-r*fctf>(=f±#u>xsa>BSf**5a<-r§j& 
u>xsT?«*-r*M±feite»saiE-r-5a>*<#«izH 

[0 0 7 7] *«MlC*5Lxr. TJSftfr (16) 
[0 0 7 8] 

(16) -O. 2 5< f 2 /f T <— 0. 16 
a5a*(=i3lt*±^(7)«jiSIEBl(r»Lr. !&2U>XB 

os6ja3gK*<ftft (i6) zms.-rtiii* c<t>u>xb 

^3§±t-££aJzfeifc^£&#[cMlEir 3 c 1 7b<pT^lcft 

<£><, ftft (1 6) tf>TI®CD-0. 2 5 ^i^^<hi2b 
>XB<DBSr*3&<»<fty. lx>XS*«*)g<-r-6C 
t*<HIII=ft*o *fcftf* (1 6) <D±R(D-o. 1 6 
<tM;Sfl'j-C L>>X^±£tc*rf £1£ 2 U>XB 

a>Bft**<a<fty. a3a«-c?«±-r*tt±feiiRS*<* 
(3ft^» 0 

[0 0 7 9] *fc % **M<DU>XjRlC*5Lxr. ^tf£ 

«cou>XB-t?3s±-r*3»ffiiR«sa»fraiE-rsi= 

14. TIBftft (17) ZLttfm* LIK 

[0080] (17) O. 7<Rel/DlT<2. 3 

SH* (1 7). <7>TI8a>0. 7 6iB«i*t,*la)l/> 

xa>«si*fflia>s-e*±-r-5ft<Daaift**5 j= a tjimi 

*<*(:: ft * 0 X. fM* (17) 0>±(g(D2. 3 £j^;t£ 

<fty. *t«flo©ix>xs-c?«±-r-5jE<Dasitesifc 

<i:tf3^ite2SA<*(zft-S 0 

[008 1] ^fz. *»^(Dl^>XScrfcix-c»t«H 

fi. TsB3M£ (1 8) *S5JE-r-5Ci:3b<a*LL% 0 
[008 2] (18) O. 5<R e 2/D2T<1. 4 

^ d 8) (dtmoo. simtLzt. m&mmvus 



(8) 



ftM^-B - 1 6 O 3 O O 



.■7flRa*<*(=ft4o ftf* (18) (7>±H<7>1. 4££g;L 

f =9.013 -25.682-71.705 , F/2.0 



[0 0 8 3] 



[0 0 8 4] 



rl =65.1572 
r 2 =41.7949 
r 3 =-554.2452 
r4 =40.8760 
r 5 =120. 1971 
r 6 =-817.2662 
r 7 =11.8578 
r 8 =-24. 1270 
rg =58.0078 
r 10 =24.7087 
r n=72. 8448 
r12 = oo 
r 13 = 14. 9806 
r i4=-83. 2680 
r 15=35.0842 
r 16 = 30. 2694 
r 17 = 261.4063 
r 18=34. 2721 
r 19 = 16.0616 
r 20 = -28. 6026 
r 2r=18. 6835 
r 22 = 11.5369 

(11 31) P=1 



di =1.8000 

d2 =5.3000 

d3 =0. 1000 

d4 =3.8039 



2u>=50.2' —17. 5 
ni =1.85504 
n2 =1.60520 



n3 =1.49845 



d5 =Di (rTK) 



d6 =1.0000 
d7 =4.4098 
d8 =1.0000 
dg =0.2000 
d 10=2. 8000 
dn = D2 (rTIE) 
d 12=1. 1000 
d 13=4. 2686 n7 =1 
d 14=0. 8091 n8 =1 
di5=D3 (rTIC) 



n4 =1.62032 



n5 =1.62032 



n6 =1.84281 



60520 
64419 



d 16=2. 6080 
d 17=0. 1000 
d 18=1. 0000 
d 19 = 5. 2039 
d20=0. 1000 
d 21 = 1- 8251 



ng =1.65425 

ni 0=1- 74706 
n n = 1. 62032 

n 12 = 1. 63004 



6.22* 
v\ =23.78 
vz =65.48 

z/3 =81.61 

v 4 =63.39 

v$ =63. 39 

ve =21.00 



vi =65.48 
z/g =34.48 

1/9 =58.52 

i' 10=27. 79 
z/ 11=63. 39 

i/12=35. 70 



0000. 



A4 =-0.26231x10-4, A6 =-0. 79602 x 10~7 

As =-0.21577x10-10 
A4 =-0.64532x10-4, A6 =-0. 65869 x 10-7 
As =-0.13014x10-9 
9.013 25.682 71.705 
1.5 21.4900 36.0930 
36.5422 16.5616 2.0017 
9.7755 6.5681 10.8647 



(B 1 em P =1.0000. 



f 

02 
02 

D3 



9. 688 
f 2 / f w =-1-58 
f 1 / f A =6.83, 
R e l/D1T=1.21. 
D2W/ f W =1- 64, 

f =8. 994 -25. 562- 
ri =62.7632 
r 2 =39.9288 
r3 =-342.5121 
r4 =36.3601 
r 5 =110.0863 
r 6 =62.3425 



5. 956 6. 262 
Vp / v n —2. 28. 



f e / f W =-5. 92 
(Re2+Rel) / (Re2~Re1> =-4.23 
Re2/D2T=0. 85, f RW/ f T =0.28 
f 2 / f j =-0. 20 , f 3 / f 4 =1. 60 



-71.508, F/2.0 

di =1.8000 

d2 =5.3000 

d3 =0. 1000 

d4 =3.8000 



2 w =51. 26 * ~ 
ni =1.85504 
n2 =1.60520 



17.68 • 



6. 62° 
23. 78 
65.48 



r>3 =1.45720 
d5 =Di (pTK) 
d6 =1.0000 04 =1.62032 



V2 = 



1/3 =90.31 



1/4 =63.39 



tlPf§¥8- 1 6 0 3 0 0 



r 7 =13. 8384 


d 7 =4. 4000 








r 8 =-20. 7967 


d8 =1.0000 


n5 =1 


. 62032 


us =63.39 


r 9 =16. 5809 


d 9 =0. 2000 








r 10=14. 0319 (MmW) 


d 10=2. 4000 


n6 =1 


. 84281 


z/6 =21.00 


r 11=27. 1111 (#^@) 


dH = D2 (bJI 








r 12 = °° (Sty) 


d 12=1.0000 








r 13=15. 5365 (|^®) 


d 13=1. 8000 


n 7 =1. 


62032 


1/7 =63.39 


r 14=375. 2226 


d 14=0. 1000 








r 15=10. 9958 


d 15=2. 8000 


n 8 =1. 


60520 


i/8 =65.48 


r 16=47. 2402 


d 16=0. 9399 








r 17 = 87. 5857 


d 17=0. 8000 


n 9 =1. 


65258 


=31.23 


r 18 = 8. 6354 


d18=D3 (pIK 








r 19 = 28.6587 {$mm 


d 19 = 2. 0585 


n10=L 


65425 


v 10=58.-52 


r 20=12074. 8350 


d 20=0. 8000 


n 11=1- 


63004 


1/11=35. 70 


r21=23. 7854 


d2i=0. 1000 








r 22=14. 9214 


d22=5. 8256 


n12 = 1. 


62032 


1/12=63. 39 


r 2 3=-25. 8534 


d23=0. 1000 








r 24=16. 5497 


d 24=1. 8000 


n13 = 1- 


63004 


1/13=35. 70 


r 25 = 11-4178 










(f 1 om p =i.oooo f 


A4 =-0.73387x 10-4, A6 =0.29033 x10"7 



A 8 =0.67428 x10"8 
(11 1W) P = 1.0000, A4 =-0.53619x 10-4, A6 =0.13503 x10"6 

A 8 =0.80688 x10~8 
1 3o£) P =1.0000, A4 =-0.22486x 10-4, A6 =-0. 42657 x 10"7 
A 8 =0.48546 x10"9 
(Sb 1 9W P=1.0000, A4 =-0.10085x10-3, A6 =-0.22825x10-6 

A 8 =-0.36735x10-8 
f 8.994 25.562 71.508 

Di 1.5 19.1760 31.9687 

D2 32.4969 14.8189 2.0017 
D3 8.6539 5.2209 9.4008 
D3 ' 8.563 4.611 4.769 

f 2 / f w =-1.39 . i/ p /v n =1.64. f e ^fW=-7.56 
f 1 / fW =6.36, (Re2+Rel) / (Re2~Rel) =-5.45 
Re1/Dir=1.57, R e 2/D2T=1.31. f rw/ f T =0. 27 
D2W/fW =1.05. f2 /fT =-0.18 . f3 /f4 =1.39 
[0 0 8 5] nMM3 



f = 


9.064 -22.381 


-53. 524. 


F/2.0 , 


Zcv = 


50. 38 ° - 


20.02 ° 


-8. 28° 


r 1 


= 57. 5850 


d1 


= 1. 8000 


n1 


= 1 


. 84281 


f 1 


=21.00 


r2 


=38. 3498 


d 2 


=5. 3000 


n2 




. 60520 


i/2 


=65. 48 


r3 


=-281.7420 


d3 


=0. 1000 












r 4 


=32. 2623 


d 4 


=3. 8008 


n3 


= 1. 


. 49845 


f 3 


=81.61 


r5 


=81.4762 


d5 


= Di (*jm 










r6 


=-2087. 8956 


d6 


= 1.0000 


n 4 




62032 


v$ 


=63. 39 


M 


= 11.3242 


d7 


=4. 4098 












r8 


=-18.7185 


d8 


= 1.0000 


n5 




62032 


VS 


=63. 39 


r 9 


= 50. 6768 


d9 


=0. 2000 












MO 


=26.2139 


d10 


=2.4112 


n6 


= 1. 


84281 


^6 


=21.00 


r 11 


= 111.5478 


dll 


= D 2 (pI: 


K) 











(10) 



ftfflW-S— 1 6 O 3 O 0 



r 12 = °° (^ l J) d 12=1-0000 

r 13=21. 8683 ($mm d 13=2.0000 n7 =1.64254 1/7 =60.09 

r 14=55. 1948 d 14=0. 1000 

r 15 = 12. 5060 d 15=2. 8104 n8 =1.64254 1/8 =60.09 

r 16=-175.4794 d 16=0. 9000 n9 =1.63004 1/9 =35.70 
r 17=13. 9236 



di7=D3 (pT^) 
(4E*$m d 18=3. 0000 n io=1. 69979 
di9=0. 8039 
d20=0. 1000 
d21=2. 2093 
d22=0. 1000 
d 23=1- 6200 



n 11=1. 67158 
ni2 = 1. 65425 
n 13=1. 63004 



r 18=24. 9577 
r 19=-18. 4983 
r 20 = 67. 7348 
r 21 = 17. 8726 
r22 = -35. 6769 
r 23 = 21. 0041 
r24=9. 6502 

(1131) P=1.0000, A4 =-0.29067x 10-4 A 6 =-0. 78629 x 10*7 

A 8 =0.34758 xlO-9 
{% 1 am P =1.0000, A4 =-0.10508x10-3, A6 =-0. 25859 x 10~6 

As =-0.26124x 10-8 



v 10=55. 53 
2/11=33. 04 

1/12=58.52 

v 13=35. 70 



f 


9. 064 


22. 381 53. 524 


CM 


1.5 


15.6062 26.2099 


D 2 


26. 6714 


12.5812 2.0017 


D3 


8.3126 


6.1842 9.0885 


03 ' 


8. 221 


5.710 6.427 



f 2 / f W =-1.37 
f 1 / f w =5. 54. 
Re1/Dii = 1.62. 
f W =1. 34, 

[0 0 8 6] HJ60IJ4 

f =9.021 -22. 133 
rl =52.3846 
r 2 =35.2212 
r 3 =-311.6776 
r4 =29.6916 
r 5 =76.5519 
r 6 =77.7855 
r 7 =12.7997 
r 8 =-39. 1256 
rg =58.6801 
r 10=16.3054 
r 11=45.4293 
ri2=-22.4548 
r 13 = 30. 1883 
M4=«> («y) 
r 15 = 14.3177 
r 16 = 180. 6061 
r 17 = 11.6767 
r is=-53.0273 
r 19 = 9. 1445 
r 20 = 22. 8697 
r 21 ="39. 9919 



. /fn =1.68, f e /fW=-3.31 
(Re2+Rel) / (Re2~Rel) =-2.70 
Re2/D2T=0. 85, f ^/ f T =0. 32 
f 2 / f T ="0.23 , f 3 / f 4 =1.49. 



-53.503. F/2.0 , 
di =1.8000 
d2 =5.3000 
d3 =0.1000 
d4 =3.8008 



2 oj=51. 62 * -20.42 0 -8.32* 
n] =1.84281 1/1 =21.00 



n2 =1.60520 



n 3 =1.43985 



d5 =Di (pJK) 



n4 =1.62032 



n5 =1.62032 



n.6 =1.84281 



n7 =1.62032 



d6 =1.0000 
d7 =3.8497 
d8 =1.0000 
d9 =0.2000 
d 10=2. 2005 
d 11=1.4000 
d 12 = 1.0092 
d!3=D2 (pI^) 
d 14 = 1.0000 

(4mm d 15=2.0000 

d 16=0. 1000 
d 17=2. 5656 
d 18=0. 9000 
d19=D3 (pj^) 
(JWS) d 20=2. 4398 ni 1 = 1.69979 
d21=0.8017 n 12=1- 67158 



u 2 =65.48 
1/3 =94.97 
1/4 =63.39 

v 5 =63.39 
1/6 =21.00 

vi =63.39 



n8 =1.62032 1/8 =63.39 



ng =1.64254 
n 10=1. 63004 



1/9 =60.09 
1/10=35.70 

v 11=55. 53 
1/12=33. 04 



(11) 



ftfflW-B- 1 6 O 3 O O 



r 22 = 30. 5000 
r 23=13. 4165 
r 24=-27. 6806 
r 25 = 17. 8990 
r26=8. 2800 

(^1 5®) P =1.0000. 



d22=0. 1000 
d 23=3. 0355 
d24=0. 1000 
d25 = 1.5019 



n n = 1. 65425 
n 14=1- 63004 



v 13=58. 52 
i/14=35. 70 



(S2 0I) P = 1.0000, 



f 


9. 021 




1.5 


D 2 


24. 1218 


D3 


8.0314 


D3 ' 


7. 937 



f 2 / f W =-1-37 
f 1 / f w =5.46, 
Re1/DiT=1.57. 
f W =1.01, 

[00 8 7] SJfctfiJ 5 

f =9. 0 -25. 585- 
ri =64.8796 
r 2 =37.0499 
r 3 =-300.9125 
r4 =34. 1165 
r5 =114.5311 
r 6 =183.0792 
r 7 =15.2854 
r 8 =-50.4779 
r 9 =14.8228 
r 10=15. 3225 
r n = 136. 8865 
M2=-21.5253 
r 13= -270. 0894 
ri4 = °° (tty) 

r 15=14. 5161 omm 

r 16 = 30. 8071 
r 17 = 10. 7729 
r 18=-81.8844 
r 19 = 127. 6552 
r20 = 9. 1210 
r 21=15. 1686 
r 22 = 10. 3530 
r 23 =-55. 1143 
r 24=10. 2309 
r25 = 7. 7800 

(11 5BB) P =1.0000, 



A 4 =-0.43008x10-4, A6 =-0. 841 19 x 10"7 

A8 =0.36356 x 10-9. Aio=0. 10691 x10"10 
A4 =-0. 13801x10-3, A6 =-0. 52879 x 10~6 
As =-0.12905x 10-8. A 10=-0. 10450x 10"9 
22.133 53.503 
13.9496 23.5866 
11.6573 2.0017 
5.4870 7.3615 
5.018 4.646 

. /fn =1.68. f e / f W =-2.88 
(Re2+Rel) / (Re2-Rel) =-2.72 
Re2^O2T=0. 84. f RW/ f T =0.29 
f 2 /f T =-0.20 , f 3 / f 4 =1.22 



71.379. F/2.B . 2 w =50. 56 ° -17.5° 
di =1.8000 ni =1.81265 
d2 =5.3000 n2 =1.62032 
d 3 =0.1000 

d4 =3.8000 n3 =1.43985 
d5 =D] (rTS6) 



d6 =1.0000 
d7 =3.5200 
ds =1.0000 
dg =0.2000 
d 10=2. 2000 
d 11=2.5000 
d 12 = 1.0000 
d13=D2 (rII£) 
d 14=1.0000 
d 15 = 1.8000 
d 16=0. 1000 
d 17=2. 1468 
d 18=0. 7390 
d 19=0. 8000 



n4 =1.65425 



n5 =1.64254 



n6 =1.81265 



n7 =1.64254 



h8 =1.62032 



ng =1.62032 



□ 10=1.67158 



d20=D3 



d 21 = 1.0000 
d22=3. 7253 
d23=0- 1000 
d 24=1. 6700 



n 11 = 1. 
n12 = 1. 



67766 
62032 



n 13=1. 63004 



6.2 ° 
v\ =25.43 
i/2 =63.39 

1/3 =94. 97 

1/4 =58.52 

US =60.09 

vq =25.43 

v~f =60.09 

v% =63.39 

z/9 =63.39 

v 10=33. 04 

1/11=32. 10 
1/12=63. 39 

1/13=35. 70 



(12 1®) P =1.0000. 



A 4 =-0.73535x10-4, A 6 =-0. 37092 x 10"6 

As =-0. 15315x10-8 
A4 =-0.66331x10-4, A6 =-0. 26794 x 10~6 



(12) 
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f 


9. a 


Dl 


1.5 


D 2 


30. 1516 


D3 


8. 1486 


D3 ' 


8. 056 



f 2 / f W =-1.30 
f 1 / f W =6.07, 
R e1 /D]T=0. 74. 

D 2W^ f W =1- 36 - 
[0 0 8 8] Hffi«6 

f =9.0 -21.0-72.01 
r \ =64.6954 
r2 =42.2084 
r 3 =-280.6037 
r4 =34.9796 
r 5 =84.5985 
r 6 =248. 1660 
r 7 =13.0068 
rs =-20.2922 
rg =22.8649 
r 10 = 20. 8259 
r 11=54. 3326 
M2 = «> <»y) 
r 13 = 17. 7996 
r 14= -49. 6021 
r 15 = 169. 8839 
r 16 = 31.3011 
r 17 = 22. 1068 
r 18 ="73. 2740 
r 19=-1818. 4423 
r 20=27. 5781 
r 21=21.6927 
r 22 = ~38. 8085 
r 23 = 18. 8198 
r 24=11- 5212 



A 8 =-0.26836x 10-8 
25.585 71.379 
17.7038 30.1528 
13.9482 1.5 
4. 3038 8. 3022 
3. 685 3. 688 
. n =1-97. f e / f W 

(Re2+Rel) / (Re2-Rel) 
Re2/D2T=0. 64. f Rim/ f j = 
f 2 / f r =-0.16 . f 3 / f 4 



F/2.0 t 2cu=50. 84 - 
dl =1.8000 ni =1. 
d2 =5.5000 n2 =1. 
d3 =0. 1000 
d4 =3.8403 n3 =1. 
d5 =Di (pj^) 
d6 =1.0000 n4 =1. 
d7 =7.4745 

ds =1.0000 n5 =1. 
dg =0.2000 
d 10 = 2. 8000 n6 =1. 
dH = D2 (rTK) 
d 12 = 1- 1000 
d 13 = 5. 4995 n7 =1. 
d 14=0. 6000 
d 15=0. 9000 n8 =1. 
d16=D3 (rTJE) 
($mm d 17 = 3. 2000 ng =1. 
d 18=0. 1000 
d 19 = 1. 0000 nl0=1. 
d20=0- 5000 
d21=4.7382 nn = 1. 
d22=0. 1000 
d 23= 1-8500 ni2 = 1. 



=-7. 78 
=-7. 35 
=0. 25 
= 1.19 

-21.58" 
85504 
57098 

49845 

57098 

62032 

84281 

57098 
65258 
65425 
74706 
57098 
63004 



-6. 28° 
i/1 =23.78 
vi =71.30 

V3 =81.61 

1/4 =71.30 

v$ =63.39 

i/6 =21.00 

1/7 =71.30 
v% =31.23 
1/9 =58.52 
v 10=27. 79 
v 11=71.30 
v 12=35. 70 



(JbI zm P=1.0000. A4 =-0.31464x10-4, A6 =-0.67673x10.-7 

A 8 =-0.34952x10-10 
(H1 7@) P=1.0000. A4 =-0.46831 x 10-4, . A6 =-0. 57996 x 10~7 

As =0. 10817 X10-9 
f 9 21 72.01 

D1 1.5 16.8044 32.0733 

D2 32.6041 17.2999 2.0 
D3 14.2571 10.2962 10.7565 
D3 ' 14. 1731 10.2522 6.0955 
f 2 W =-1.30. i/ p /i/ n =2. 28. f e /fW=~5.81 
f 1 / fW =6.57. (R e 2+Rel) / (Re2~Rel) =-4.16 
Rel/DiT=1.03. R e 2/D2T=0.70. f RW/ f T =0.31 
D2W/fW =1-44. f2 / fT =-0.198. f3 / f4 =1.29 
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tztzL r 1 . r2 . ■■■ lt\s^X&m<r>&m¥&. d 
1 . d2 . l±ftU>Xa>rt»fc.fctf U>XHPH* n 
1 . n2 . ••' f4#L>>X<Detta>JS$T*. VI . v 

[0089] mmmMt. m -\ iz^-rmAv. x-==> 

omzm&X*lE<DmVTJl : £:%T'Z>n3 U>XS*G3 jE 

G4 J:yft*. ffiHUdu ±««fcyj£ft«L <K«m£Ji 

[009 1 1 11 U>X2fGi (4. «i*ffl«tyilKlc ft 
U>XHG2 ^»<f*ffl 

[0 0 9 2] g2l/>XSG2 (4. tt«*flJ<fcyiHlC. ft 

U>X<tftU>X<tIEU>X£^b3:y . I««B**&S 
cfccrcfcyjEft^fflS^r-r-B. 

[0 0 9 3] M3 U>XPG3 f*. «S#«9«fcyilH=jEU 
>X<bftu>X<t^t>^y . X— 5 >y<DBCcH5tT?fc 

y. ^2u>xi$G2 *^G>»»3teS:*r$rS7^^— * 
[0 0 9 4] 14 u>X||G4 l±. «attW<fcyiB(=. IE 

U>Xir. ftU>X£3EU>"X£3^t>ft£»*U>X 

ftu>x<t^b^yx-s><7*(Dpg(cpiij|-ex-5 

[0 0 9 5] 1 (OX— AU>XI4. i3L/> 

[0 0 9 6] *fc % ^S£#J 1 <7>X— AU>Xf£. f 4 U 

»c:«]eu c©fiu>x<fcy tttit«a)}*dui/X(= 

[0 0 9 7] -tt[=Ste^U>X£ LTf«Jfflt?&'S*^X 
©«*47-frt?(±. ^ ^ <— ;U*Q <k ftiteSi0>tiilE(c(*[B 

KflfjELTl^S. 0*yftl/>X6<IR*n= 1 . 7 4 
0 7 7, 77^i/ = 27. 7 9. IE U VX^jgtffig n 
= 1. 6 1 800, 7^^i/ = 63. 3 8-Cfc£> 0 



[0098] miznmm i it. stMoftu^xicj; 

y±i LtZ(Dl4 u>X»G4(D'<^ ,k V/<— ;Ufo£ft 

fti*«i«fflicEB**vcS3y* C3ffis««ccipiitfcy 
-x^xff^(=Lfcc«t(c^y^piiteM. □Tteijffi 

[0 0 9 9] *fc. «4U>X»i»t*:«(=MyaiL-C 

[0100] 1 ©iMSttsBI*. H 7 7bMH 1 

zizttmw* *tHia^&Mififfii8t«sjia*-c?Bt\5fe* 

[0101] ^te«2(*. H2i=3K^-«]a-e. ^MJct 

yill(C. X-S >yt7>^ICHS-CiE(DBlJT^l4^oBl 

*t*±sma(=»»-r 5 c t ir i y ^ffl^to^ 2 

U>X|^G2 t. X— 3>^a>ISHffi-eiEfl)B»r**}# 
og3L/>XPG3 IE<OB$It;*j£*3f^X— 5 >y© 

4*LrL^»4 u>Xff j:y)Sort^. 

[0 10 2] fit, as 1 U>X3$Gl (4. «j(*fl|J:y 
llllc. ftU>X^IEU>X<E:iEU>X^t>^y, ®2U 
>Xl¥G2 (±. ymic. ftU>X<tftU>X<t 

iEU^Xt^b^y. |^3U>XI$G3 (4, wicfcy 
IEL^>X£IEU>X<tftU>X<t^b&y . 14 
U>Xf|f*. «H*«J:yiIK(=. IEU>X^ftU>X<tiE 

[0 10 3] Hfi£0lj2l*. U>X»O>±ft3&<jgl60JH= 

4^£-r^-tlZcfcy^l^5 , fc^14^4^LrL^^ 0 Z<Z> 
jU6«!l2ri. «3U>X»G3 <D§&^{*flij<£U>X(£> 

&{*ffiij(7>®£, 7tfS^f>^li2(cfT<icL/'-A<oriEa)B 
»-c?«±-r§fta>«aiKs*awi=:ajEL-cL^, * 

«4 U>XSG40)»ttttt;«(DL/>X(Z>1fttt:aia) 

[0 10 4] ^fc. B^e«ttH8*«H#Lfc**U>X 
K<D£*£JS<-r5fci&(cl± % «*««0)"L/>X<Oft« 
<DHA^«ffi*T?(DagiBD2wSaa«:ffl[I='r-6ctA<a 
^L<, C0)*Jfii>!|2ri*(Dftft (19) 4il£-r^cfc 

[0105] (19) 0. 9<D2W^fW <2. 3 

ftfr (1 9) ©TRR0)O. 9 «H,fcy«if* 
n-/<x ^ -f — *SiB«r ^> - 1 A<S8Slcfe 

€> 0 X±jS0)2. 3 ^m^.^tmz U>XSJ5lB<DLx> 
X» (I3U>X||, 14 U>X|f) ©U>Xfi3b<ft< 

[0 10 6] C(Djt«fi«2(Ditea*3Bri. Hi 3 7!jM(1 
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[oio7] mmm3it. is 3 i^ray x 

2 fc. X— S>yoWHS-CjEfl>H«**l*o»3 U> 
XHG3 i.- jE<Z)BS**»*X— 3>y(=(BL-CpT» 
<h 1 5 mw&W:<D-?ti$:ffiJE-fZ>ttm £ j#o 

[0 10 8] 11 U>X|$G1 it. WzftM&VMlz^ a 
U>X£]EU>X£IEU>X<t^io&y. m2U>XS 
G2 I*. ft»«J:yill(=. au>Xir^U>X<tiEU> 

xi^b^y. sg3u>xpG3 *ftfls<feynii=. 

jEU>X<tiEU>X < tau>X<!:^f>^y. ^4 U>X 

i$G4 r±. «s(t«<feyim(r % iEu>x<tsu>X£iEu 
>x<t:ftu>x<t£ y ay. cftfc u>xsa>flsjHr*sg 

[0109] «3^>x»(©»t,«3(*«a>u>xa> 

**<»<a-s#»®-c. c^m3u>xi¥G3 -esg±-r 

S$G4 (D**tt{*«J<7>U>X<Dtt*«(DS3&<3tettA^e)ja 

mx. c+u::* y c(o*4 u>xsg4 -e«£-*-&fla> 
j*fflHxasa»i::«jE L.ri^ B 

[0 1 1 O] CCDlB3^||]5fe^J(7)J:5(C. ^2 IslsXU 
G2 0)«»J*jE©JB»f*<Z)«3 H/X»G3 £1E<DS#T 

J3Sr*£TIEftfr (20) *3t£-r-&Ci:A<»*Lt^ 

[0111] (20) 1 . 1 < f 3 /f 4 <2 

fc*=L* f3 . f 4 l***l£3 U>X|$G3 fc<fcli : l4 

[0112] (20) «s*fi-*-*iii. -H^>m 

3, WAUVXB-eaBS-riMfiftaSAWrtiiELfc* 
*c*t6u>XS±f*<Z)U>X±«£S<r*-6, 

(20) othoi. 1 zmTi&tm u>xifG3 . r= 
^Lr^4u>xsiG4 <DJBS**<a<ftyc<z>u>x 

8-r?»±-r 5»fc±feJte»33 J: r/^< *y ^ftA^lcfc 

y»*L<ftLx 0 XJiPSO) 2 3 U>XS*G 

3 <oasr*A<a<<i:yc<7>u>x»-c«^-r-saffiitea 

*<*l=fty»*L< 
[0 1 13] C0>ltJfie!l3a>i|Rfltt3EI4 % i1 97!ili 

[0114] sjfi«4(*. H4.r=^L/>xflija-c?. x 

aa>H»T**»*X-5>y(c|8L3fett±S»»L 
rK<&ftffl*ff&5«2 U>X^G2 X— S >^*(7) 
l£llST?IE(7>jgjFr;*£#oS-3 U>XPG3 <fc* IE(DS 

»f * x- s > ^(=b l r rtij-c? & y stftc: t $ u 



[0 1 15] LtH 1 U>X»G1 tt* »#««fey« 

au>x<tiEu>xtiEu>x<t^bay . sg2u 
>xiiG2 ^^fflfl^ymic. mu>x<tmu>x£ 

jEU>X£AU>X<fca*&fty. ^3 U>X|$G3 f*. 
tttHH«fcyiR|:: % JEls>XtJEls>Xtms>Xtfrt> 
&y. !4U>XffG4 (4. «BtWH«fcyiO(=. lEls>X 

>xuoftmitmmmi tmmx&& 0 

[0 116] X. 13 L->Xg|G3 0)It^U>X 

PG4 (D§t1^»fiJC0U>X(7>fe^iycD®$?fe|£b>b\^ilI 

[0 117] CtDHiS#j4l£. S£flgfcl3£It«LT«2 
U>XPG2 G0JStfr*l£3£< LtX-5 >#a>m<D 
U>X|$G2 0>8M«*d>*< Ltb>X±I^< L 
tt^c m2U>X|$G2 Ofl|ja(±. CC0U>Xg$G2 

yBH(=fiU>X. IU>X lEL^X. ft 
U>XcD4fcfi/£lCLfc 0 

[0 118] *Sfeffl4<DIft«tts5ei±. 12 5^113 0 

(^■ray-e*o-c. K^A¥tt*g£«L"CL*<& 0 
[01 19] mewsi*. H5(=^-r«ja-x?, x— 5 > 

y<©RBHST?iEa)Bfif*i*l*o«i UVXSlGi M 

LTltfe#fflSfr«i:5«2 U>X»G2 X—^Zs? 
0>RHS-eiEa>JB»r*&l#oS53 U>X»G3 1E0> 
ffimji£ft*>x—^ > yizR L T^ifjT? £ t ^ 5 

«S(D-r4x*«IE-r5#MS»o«4U>X»G4 <tJ: 

[o 1 20] 1 L/>xpG] fi. iM^yict 
^>XiiEu>xtaEu>xtAxbtty. i^2u>xi$ 
G2 1*. ft(*«j<fcyiieiic. ftu>xtau>xi:jEu> 

Xtfll/>Xi^bfty, H3U>XI¥G3 (* % ^fij 
ctyililc. jEU>X^JEH/XtftU>Xt35^3S:y. 

m4u>x?$G4 (4. »#«cfeyiiRic nis^xtmu 

[0121] ^<DS8J6«5fl)iteai«sS!tt. Hi 3 1 
3 6|:^tiyT?fe-6, 

[0122] SSJEffjer*. i6|:^tSMot. X 
Gl t. M<Dffimjl&ft%X—S>7lzmLXi?t$&±$: 

w&\z&mLx±k LxmfeftmzmT&mz u>xi$ 

G2 iEa)JBft*Sft^X— 5 >yi:BLt*||±S 
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[0123] X, *1 U>X»G1 I*. tt^MckUin 
>XPG2 yiR(=:. au>X<tmu>X£IE 

u>xt*y«cy. ^3Lx>x»G3 Wctyi 

IC. jEU>XiftU>Xtj6^&fty. m4U>Xl¥G4 
I*. «lft«J:yiKf=. mu>XkgLls>XtJE[s^Xt 

CO 1 2 4] C^Hffi0ij6(±. ftU>X»<Z>ftffl*<a« 

[0 12 5] C(DSIjS6ei|6<DlteS«3Bl4. gl3 77!iMIl 

[o 126] &mmM(»T-$--<p»im®mD3 * 

fi. MtMiKl o 0 Omm^* — LfcB#(DD3 tf> 

[Q1 27] ia-ta^<fc*»WI±. »»»*<DTOHl=ie 
ttLfcX-AUVXaMfel::. TEOS-SdEKLfcflWc 
C0X—AU>X^^^tL^ o 

( 1 ) 4f »«*0)ffiHa>H3R3a I , 2. 3XI±4fcfBf£ 
£*LfcX-AU>XT&oT. TE<Dftft (3) 

-r^u>x^ 0 

[0128] (3) -15<f e /f||<-2 

(2) #ft»*©ffiB<DS*JSl . 2, 3XI*4&£l* 
liWE (1) 0>«(cE«S*LfcX— AUVXtrfeoT. 
TE<Z>£fr (4) ^ISt^l/>X^ B 

[0129] (4) -8. 8< (R e 2+R e l) / 
(Re2-Rel) <~ 1.6 

(3) Wft»SS(Z>ffiH<7)»*a 1 . 2, 3X1*4, 

(1) Xf* (2) 0>*(=E**;hfc;C— AU> 
XTfcor. TE0>ftft (5) £;1§5.-f <5U>X^ 0 
[0130] (5) 4<fl/fW<8. 4 

(4) »ftiS*<Z>«SHG)tt3Rai . 2, 3XI*4fc£l^ 
ttlJE© (1) . (2) XI* (3) <D3SI=EK**LT^ 

au>x-c?&^-c. TE<oftft (6) sasa-r-s 

U>X^ e 

[0131] (6) 0, 2 < f Rfl/ f T < 0 . 5 

(5) »BgS3RO>SBHfl)»3Ra 1 . 2, 3XI±4fc£lx 
f*fjEO> (1) . (2) . (3) XI* (4) (DflCfiB 
^^ltL^X-Al/>X-(?feoT, TEOftfr (7) £ 
;1S£t-£u>X^ 0 

[0 13 2] (7) O. 5<D e W/fW<3. 2 
( 6 ) »JM*3R<DffiHG>»3R« 1 . 2, 3Xf*4fc£l^ 
lilUIBfl) (1) . (2) . (3) , (4) XI* (5) (C 
ISi^HfcX-Ab>Xtrfe^T, TEO)ftft (8) £ 
l^tl)^>XS e 
[0 13 3] 

(8) -O. 3< f 2 / f T <-0. 1 



(7) 4$l¥tff;R(DiSH0>flf$JS 1 . 2, 3Xf*4&£lN 
l±»EG> (1) . (2) . (3) % (4) . (5) Xf* 

(6) ©a(:|BK*<ifcX-Al/>X-Cfto"C % TIRO 
ftf* (9) £;1§£^£U>X& 0 
[0134] (9) - 1 1 < f e /f W <-2. 5 

(8) ftifBfjRaeBofltxa 1 . 2. 3X(*4. fc£ 

IM«MB (1) . (2) % (3) . (4) . (5) . 
(6) Xf* (7) (DSlcEKSftfcX— AU>Xl?fco 

r. TEoftft (i o) 3u>x& 0 

[0135] (10) 0. 5<R e 1/DiT<3 

(9) »M**a>J6B<Dflf#ffl 1 . 2, 3Xf*4fc£l^ 
l*ffiE<D ( 1 ) . (2) % (3) . (4) . (5) . 

(6) % (7) Xf* (8) 0>aiC|EK**ltl^X-A 
U>X-e&oT, TIEtDftft (11) ^t^U>X 

[0136] (11) 0. 2<R e /D2T<1- 9 

.do) 4tifn^a>teHa>n^fl 1 , 2. 3xi*4fc£ 

LM*I9E (1) . (2) . (3) . (4) , (5) % 

(6) . (7) . (8) X(* (9) <7>aiCE«E**LTl^ 
*X-Aly>XTfcot, TEfl)ftft (1 2) 

&u>x^ 0 

[0137] (12) 5<fl/fw<8. 2 

( 1 1 ) mm ^(ommmmm 1 . 2. 3xi*4fc£ 

IM*WE<D (D . (2) . (3) . (4) . (5) . 

(6). (7). (8). (9) XI* (10) (DIIICE 
lc£*XTl^X-AL>>XT?fcoT. TU<T)gz& (1 " 
3) $»fit5U>XS. 

[0 13 8] 

(13) - 1 . 7 < f 2 / f W <- 1 - 1 

( 1 2) «mt*G)ffiffl<D»*iI 1 . 2. 3Xf*4fc£ 
IMttiTE© (1) . (2) % (3) . (4) % (5) . 

(6) . (7) , (8) , (9) v (10) XI* ( 1 

1) (7>JllcEi&£;ft*:X-AU>X-efco-C. T IS 3% 
fr (14) ^I£t^l/>X^ e 

[0139] (14) -8< (R e 2+Rel) / (R 
e2-Rel) <- 2 

(1 3) «fW»3RO)«5HO>H5R«1 . 2. 3XI*4fc& 
IM*IMB ( 1 ) . (2) % (3) (4) . (5) . 

(6) . (7) . (8) . (9) . (10). (11) 

xi* d 2) (Dimztm£*itzX-M,is>xvfo~DT. 

TE©ftfr (1 5) *3SS-J-SU>X36 D 
[0 14 0] 

(15) O. 2 4<fRW/fT<0. 3 5 

(1 4) «»»*(7>j8Ha>«*ai , 2, 3XI*4fc^ 
IM±WE0) (1) . (2) . (3) . (4) . (5) . 
(6) . (7) . (8) . (9) . (10). (1 
1) . (12) Xf* (13) (DiilcfB^£;h,-Ci^X- 
AU^feot, TtlV>m* (1 6) £3S£-r-5U> 

x^„ 

[0141] 
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(16) -O. 25<f2/fT<~0. 16 
(1 5) W|»H3ft<»«SHCDH5Rffl1 # 2, 3Xf*4fc& 
LM*JJtEO> (1) . (2) . (3) . (4) . (5) . 
(6) . (7) . (8) . (9) . (10). (1 
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